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Abstract 
 
The plant protection activity includes all the measures taken to prevent and control all pests, diseases and harmful 
factors that cause damage to crops. This study follows the factors and characteristics of the machines used for 
phytosanitary treatments. It is also presented to what extent the use of modern agricultural machinery leads to a possible 
reduction in the number of treatments applied in a growing season as well as reducing the quantity of phytosanitary 
substance administered per hectare, in order to increase the efficacy of phytosanitary control works. It is also presented 
to what extent the use of modern agricultural machinery leads to a possible increase in the effectiveness of phytosanitary 
control works. By knowing exactly the machines and sprayers, it is possible to achieve a correct planning of control 
measures and avoid mistakes when applying plant protection products, to protect the environment and militate for the 
sustainable development of agriculture. This theoretical study shows that by creating an efficient system for monitoring 
and using EEP 300, EEP 400, EEP 500, EEP 1500, MIL type and MET-2500 SATURN R18 DE type sprayers in plant 
protection, the efficiency of the applied treatments is increased. Sistems and equipment for the application of 
phytosanitary treatments are part of the new trends for the practice of modern agriculture, but it must be borne in mind 
that phytosanitary protection is a source of environmental pollution with chemicals and must be avoided. 
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1. Introduction 
 
The plant protection activity includes all the 
measures taken to prevent and combat all pests, 
diseases and harmful factors that cause damage to 
crops. It includes in addition to prevention and 
control measures and work to identify the presence of 
pests, diseases, as well as those to predict their likely 
evolution, to judiciously plan the plant protection 
actions needed to be taken [3, 17]. 
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The extension of control treatments over very 
large areas and their repetition several times even 
during the same vegetation season, determines the 
spending of significant funds, which can raise the 
issue of their profitability.  
The concept of  "Plant Protection" refers to the 
management of various plant productions (fields, 
meadows, forests, greenhouses, aquatic areas, etc.) to 
protect against factors that may directly or indirectly 
alter the quantity or quality of the researched product 
(seeds, fruits, flowers, leaves, rhizomes, roots, wood, 
fibers, but also dune-fixing vegetation, anti-erosion 
forests, ornamental or urban plantations, etc.).  
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This concept also takes into account all the 
effects that the interventions implemented in this 
management may have on the sustainability of the 
production considered.  
It must be applied in a specific way to each 
type of crop: subsistence crops, industrial crops, 
extensive or intensive crops, temperate, tropical or 
subtropical crops, annual or perennial crops, glass or 
outdoor crops. It can be said that the practical 
application of the principles of plant production will 
be closely linked to the particular conditions of each 
crop. From this point of view, particular attention will 
have to be paid to the repercussions, often 
unpredictable, of the preventive or curative 
interventions likely to be put into practice at different 
levels of production and conservation of plant 
products [18]. 
The present theoretical study aims to highlight 
the main factors that influence the quality of 
phytosanitary treatments, the selection criteria and 
the technical conditions that machines for the 
application of phytosanitary treatments must meet. 
The authors also present aspects related to the testing, 
analysis and diagnosis of machines for spraying 
phytosanitary solutions. At the same time, the study 
makes a classification of the technical means used for 
plant protection. 
 
2. A brief history of devices and machines used for 
plant protection 
 
Pest control has been a concern since antiquity. 
The oldest control measure, known since antiquity, 
was the treatment of seeds against pathogens with 
wine, and later in the modern era with eggplant stone 
(copper sulfate) and lime milk [1].  
In the 19th century, with the discovery of the 
fungicidal action of copper sulfate and sulfur in the 
control of manna and powdery mildew, the first 
devices were built in America for the application of 
spraying solutions. Later this spray cone was 
replaced with a vortex body sprayer that worked at 
the pressure of the liquid leaking from the tank. 
Higher productivity can be achieved by using road 
pumps with a manually operated pump. Such a road 
sprayer was manufactured three decades ago in 
Romania (AC-1). Currently rarely used, it has been 
replaced by road equipment equipped with a 
mechanically operated pump. 
These devices were later perfected and at the 
beginning of the twentieth century appeared the first 
equipment carried in a horse saddle or with animal 
traction. Also during this period (early twentieth 
century) were built the first machines for spraying 
field crops with animal traction, provided with 
horizontal spraying ramps with hydraulic sprayers. 
Later appeared the first machines equipped with 
mechanically driven pumps (1925) and with the 
replacement of animal traction with tractors, 
constructive models that work in the aggregate with 
agricultural tractors as we know them today.  
Another category of equipment for 
phytosanitary protection of crops, which have been 
developed in parallel with those for spraying, is 
dusters and machines. In the twentieth century, with 
the rapid development of science and technology, a 
series of new means and methods of combat and their 
corresponding equipment appeared and were put into 
practice [4, 8, 9]. 
 
3. Factors that influence the quality of 
phytosanitary treatments 
 
A basic feature of the work is related to the 
achievement of combating plant health effective 
treatment, since there is a strict dependency between 
the observed and the quality of the treatment of the 
biological effects that depend on: 
 the performance of the spray nozzles, of the 
installation and the equipment; 
  the volume of the solution applied to the 
surface unit; 
 the pedoclimatic conditions in which the 
application is made (soil, temperature, 
relative humidity, drought or excessive rain, 
excessive sun, etc.); 
 the shape of the plants that can facilitate / 
prevent the homogeneous deposition of 
substances; 
  knowledge and skills of the operator [2]. 
The efficiency of the phytosanitary treatments 
is appreciated by the degree of coverage of the plants 
(leaves) with drops as well as the degree of 
uniformity, the constructive parameters are also 
contributing factor, respectively the functional ones 
of the spraying equipment. Inefficient phytosanitary 
treatment will lead to changes in disease 
characteristics, increased resistance to treatment 
solutions, increased environmental pollution and 
significant economic losses [20, 21].  
The direction of improvement, in the case of 
machines used for plant protection, materializes in 
their constructive improvement (introduction of 
control and measurement equipment). Through the 
constructive modifications it is possible to achieve 
the automatic determination of the solution norm per 
hectare, to increase the quality of the treatments and 
to reduce the environmental and soil pollution. 
Phytosanitary treatments are required to comply with 
the quarantine of goods in infested areas, in areas 
where the pest does not exist and could occur [8]. 
Checks of spraying machines and equipment 
can be done through sensors, so you can check 
aspects such as: flow, pressure and general operation 
23 
POP ALIN RAOUL et al./ProEnvironment 13(2020) 22 - 29 
 
of the pump, the level of the substance in the tank and 
the operation of the nozzles [2]. 
 
4. Criteria for choosing machines for 
phytosanitary treatments 
 
Essential in choosing machines for 
phytosanitary treatments is to ensure the efficient 
dispersion of pesticides without any danger [6]. 
There are, at the level of some countries, regulations 
for thorough control of machines before they are put 
into operation, after which a certificate of compliance 
with the imposed rules is issued. The use of electronic 
equipment and GPS increases the quality of work, but 
requires highly qualified operating personnel [14]. 
Within the laboratory of "Optimization and 
development of sustainable technologies in plant 
culture" from USAMV Cluj-Napoca, new types of 
machines put into operation are tested, to establish 
the functional parameters, optimal settings and 
operating conditions.  
It also determines the resistance during work 
and fuel consumption; rational and correct use of 
aggregates and possibilities to reduce fuel 
consumption; how to introduce performance 
agriculture in different agricultural technologies; 
adapting agricultural machinery to the requirements 
of European standards, both for user safety and 
environmental protection; the peculiarities of the 
machines working in the mountain area as well as the 
endowment with machines of the farms; the 
possibility of introducing precision agriculture in 
farms considered efficient, and establishing 
aggregates for sustainable technologies and to 
achieve optimal working indices, with minimum fuel 
consumption [28, 30, 36]. 
 
5. Technical conditions required to perform 
installations for phytosanitary treatments 
 
Productivity in agriculture is influenced by the 
level of applied work technologies, phytosanitary 
protection occupies a very important place in these 
technologies [16]. Machinery and installations 
intended for phytosanitary treatment must meet 
requirements such as: 
 to dose the spray solution on the unit of 
treated surface; 
 to maintain during the work the adjustments 
and the installation, to work in the optimal 
parameters; 
 to have control and/or automation 
equipment during work; 
 to produce a uniform fragmentation in 
folowing agrotechnical requirements; 
 to have rigorous, multiple adjustment 
possibilities, and to be able to apply a wide 
range of products, in a varied range of 
volumes; 
 the construction of the machines should be 
simple, made of resistant materials; 
 be easy to handle and adjust, involve good 
protection in handling; 
 to comply with the standard and to have the 
guarantee of safety of use; 
 to have a low manufacturing cost, achieve 
the lowest possible depreciation; 
 to allow the realization of some applications 
of the optimal solution; 
 to have ease of assembly and disassembly; 
 to consume little energy at high work 
efficiency; 
 the effectiveness of treatments can be 
anticipated and targeted so the intervention 
is optimized [19,26]. 
Achieving the expected performance can only 
materialize by accepting the conditions regarding the 
key ratio between quality and quantity [29]. The 
homogeneous distribution of phytosanitary solutions 
on the surfaces of the target objects and the strict 
observance of the quantity that ensures the expected 
effects means quality, it depends on the following 
factors: 
 the particle size of the spray of liquid spray; 
 the  jet flow, this is an essential component 
of the spreding norm; 
 the atmospheric conditions from the 
moment of applying the treatment; 
 the method of coverage and the 
homogeneity of the deposit; 
 uniformity of dispersion in space of the jet, 
this is related to the performance of spray 
nozzles; 
 the arrangement in space of the plants or 
surfaces to be covered. 
The factors set out above causes the elements 
to be responsible for the quality spray nozzles, which 
become the main parts of the machine spraying. This 
explains the great diversity of spray systems. 
Also called sprayers, they optimize spraying, 
helping the physical phenomenon of splitting liquid 
droplets, on different diameters, after which they are 
projected towards the surface of plants - target 
objects [7]. 
The liquid spray jet may contain particles of 
similar or different sizes, the spectrum of sizes 
depends on several elements, among which are 
mention: 
 the type of spray system; 
 the  degree of dispersion or type of nozzle; 
 the normal working pressure of the 
spraying machine; 
 the type of conditioning in correspondence 
with the type of spray liquid; 
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  the surface tension of the solution; 
 the viscosity of the applied solution etc. 
[10]. 
Fragmentation and hydraulic spraying are 
practically achieved by passing under pressure the 
spraying solutions through calibrated and 
dimensioned holes, called nozzles [11]. The 
transition is performed only when the liquid is under  
certain pressure or is subjected to centrifugal force. 
In the case of devices used in the distribution 
of plant protection products, fragmentation is carried 
out: 
 by means of spray nozzles with a designed 
jet, which can be: flat, conical jet, or jet that 
comes in contact with the leaf surface, 
which, changes the orientation of the jet, 
nozzles with indirect jet [13]; 
 by means of vortex nozzles (tangential 
nozzles) where it receives a circular motion 
in the antechamber in front of the calibrated 
orifice; 
 by means of hydraulic nozzles with two jets 
that intersect, thus achieving dispersion [5]. 
The fragmentation is also achieved due to the 
pressure in the hydraulic nozzle with a directly 
designed jet, the dispersion energy being directly 
proportional to the pressure. The most common 
nozzles are flat jet or fan, the fragmentation being is 
achieved by dissolving the liquid film and 
transforming it into a multitude of drops of different 
sizes (according to Project PN 09150501, from 2009, 
entitled "Reducing environmental/soil pollution and 
the increase of the qualitative working indices of the 
technical equipment for the plant protection, by 
integrating a centralized system of their monitoring 
and warning) [35]. 
Machines and equipment used in phytosanitary 
treatments consist of the following main 
subassemblies: 
 stair chassis or car carrier; 
 shaft transmission; 
 hydraulic pump; 
 tanks for solutions and water basins; 
 solenoid valves and throttles; 
 central distributors; 
 ramp supports; 
 high power fan (for vines and orchard 
sprayers) 
 foldable hydraulic ramps; 
 nozzle support (single, double or triple); 
 nozzles [12]. 
 
6. Testing, analysis and diagnosis of machines for 
spraying phytosanitary solutions 
 
Germany, Austria and Italy signed in 1997, a 
cooperation agreement in the field of testing of 
agricultural machinery, setting up a European testing 
center, called the European Network for Testing of 
Agricultural Machinery (ENTAM).  
This association collaborates with the 
competent bodies in the field of international and 
European standardization (ISO and CEN) in the field 
of testing of agricultural machines, for the 
harmonization of standards and norms [25].  
The distribution devices of the phytosanitary 
treatments produced and distributed by the economic 
agents from Romania must be subjected to testing 
and diagnosis according to Directive 2009/128 / EC. 
The innovative test method developed will be the 
basis for the modernization of the manufacturing 
technology of pesticide distribution equipment, in 
order to achieve the required degree of safety and 
protection for the end user, ensuring biodiversity and 
environmental protection. 
The research and development of processes, 
technologies and technical equipment for the 
protection of agricultural crops, in the context of 
sustainable agriculture requires the existence of 
systems for investigating the processes of application 
of phytosanitary treatments of agricultural crops. 
These systems include equipment for testing 
phytosanitary machines in large culture and a 
combined stand for testing pumps, manometers and 
flow calibration of phytosanitary machines in large 
culture. It is necessary to verify in order to meet the 
conditions that must be observed by machines for the 
application of phytosanitary treatments in relation to 
the dangers related to the safety of the operator 
performing the test, the potential danger of 
environmental contamination and the optimal 
protection of plants by applying an optimal amount 
of phytosanitary substances [27, 28, 34]. 
The criteria for assessing the machines for 
phytosanitary treatments are many, the most 
significant of which would be the following: 
reliability, productivity, quality of work performed, 
their efficiency, how to distribute the solution on the 
plant or soil and minimum solution losses [24]. 
Romania has made a commitment at the time 
of EU accession that by 2016 all phytosanitary 
machines will be tested. It is a measure designed to 
improve the quality of phytosanitary treatments. 
Testing equipment for phytosanitary treatments must 
not be a technical and economic necessity, but first 
and foremost a moral obligation to protect all 
components of the production chain and ensure 
healthy and clean production. All spraying machines 
operating in European countries must be regularly 
inspected, following the following parameters: 
 the flow of liquid passing through each 
nozzle and ensuring uniformity of 
distribution over the entire working 
width. The flow coefficient must be 
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below 10%, above this value, the nozzle 
is considered non-compliant and must be 
replaced [23]; 
 the optimal operation of the pump and 
the stirrer; 
 ensuring the power and pressure of the 
pump in the parameters; 
 the fittings, pipes and manometer; 
 the state of wear of the nozzles, of the 
distributor, of the pipes and of the filters; 
 optimal operation of the fan; 
 the condition of the tank, the ramp and 
the piping system; 
 the mixing system, incorporation and 
filters [22]. 
The control assumes that the flow and pressure 
of the pump, the flow of a nozzle, the uniformity of 
the flows, the rotational speed of the fan are 
measured. In the case of good equipment, these 
checks do not have spectacular effects, but for 
problem sprayers the positive effects are considerable 
and consist of: 
 increasing the quality of the spray and, 
implicitly, reducing the amount of pesticide 
applied, reducing the costs related to the 
work and, last but not least, reducing the 
pollution of the environment; 
 elimination from the market of inappropriate 
types of equipment; 
 improving working conditions for people 
serving these equipment. 
From the perspective of harmonizing the 
legislation in the field with the regulations of the 
European Union, to ensure the technical-
organizational framework necessary for the 
verification of the equipment for spraying pesticides, 
INMA Bucharest, Cluj-Napoca branch, the method 
was developed and two stands were built. for the 
precise determination of the characteristics of the 
technical equipment for the application of 
phytosanitary treatments by spraying; of which one 
for field crops [15]. 
  
 
7. The classification of the technical means used in 
plant protection 
 
As their name suggests, this category of 
machinery includes all equipment used in 
phytosanitary protection, respectively for combating 
diseases and pests. Depending on the pest control 
method, there are two main categories of machines 
for phytosanitary protection:  
 Machines for mechanical or physical 
control (non-polluting); 
 Machines for chemical control of 
diseases and pests; 
The first category includes machines and 
installations with a special destination such as: 
machines and equipment for thermal control with 
flame, water, steam and hot foam, equipment for 
pneumatic weed dislocation; systems and machines 
for distributing biological control material. The 
second category includes chemical control and 
phytosanitary protection machines based on the use 
of chemical synthesis products (pesticides). 
Depending on the state of aggregation of the pesticide 
product used, the treatment applied and their mode of 
operation, these machines can be classified into: 
 spraying machines and equipment; 
 systems, equipment and machines for 
administering herbicides by covering (direct 
contact) with the liquid product; spraying 
apparatus, equipment and machines; 
 combined protection machines; hot fog 
fighting apparatus and machines; 
 systems, equipment and machines for 
combating gasification and for applying 
volatile pest control products; 
 machines and equipment for treating and 
conditioning the seed and planting material; 
  spraying and dusting equipment wore and 
trained by aviation technical means. 
The largest spread is’t own by the spraying 
machines. Comparable to other ways of applying 
phytopharmaceuticals, their application by spraying 
in the form of solutions or mixtures with water has a 
number of advantages. The spreading of herbicides 
(chemicals used to control weeds) is done with the 
help of devices called herbicide machines. 
This range includes a multitude of models, 
some of which are of the latest generation. All the 
equipment in the range of herbicide machines is of 
good quality and modern technology, being produced 
by renowned manufacturers in the field of 
construction of agricultural equipment.  
Simple herbicide machines 
(http://tractorul.ro/), of the EEP 300, EEP 400, EEP 
500, EEP 600 and EEP 1500 type (Fig. 1, Fig, 2, Fig. 
3, Fig. 4). It is also worth mentioning here that 
complex spraying machines, such as MIL (Fig. 5) and 
MET - 2500 SATURN R18 DE (Fig. 6), are also 
widely used. 
MIL type spraying machines have an light pipe 
frame, the plastic tank is made of high density 
polyethylene with rounded shapes at the corners, 
which ensures a perfect mixing and easy cleaning of 
residues. The pressure, in order to be sprayed, is 
carried out from a pump driven by the tractor's power 
take-off and by means of lances that can have 
different lengths (from 6 to 36 m). The spears are 
built in such a way that they can automatically track 
the unevenness of the ground. Nozzles Injector type, 
3 sizes. 
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Fig. 1. Equipment for herbicidation EEP 300 [29] Fig. 2. Equipment for herbicidation EEP 400 [29] 
 
 
 
 
 
 
 
Fig. 3. Equipment for herbicidation EEP 500 [29] Fig. 4. Equipment for herbicidation EEP 1500 [31] 
 
 
 
 
 
 
 
 
Fig. 5. The herbicidation machine of MIL type [33] Fig. 6. The herbicidation machine of MET-2500 
SATURN R18 DE type [32] 
 
The herbicide machine MET - 2500 SATURN 
R18 DE is a Romanian machine, produced by the 
Tehnofavorit Bonțida factory, Cluj. 
It has an electronically controlled distributor, a 
ramp width of 18 m, with manual opening and 
hydraulic lifting. The tank capacity of 2500 liters, 
being adapted for 65 hp tractors. It is equipped with 
a diaphragm and piston type pump, from Italy, with a 
suction hose supply system and a stirring system that 
has a hydraulic amplifier.  
The productivity of this car reaches 110 
hectares/day. 
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The nozzles are made in Germany and ensure 
high quality work for herbicide and fertilization, as 
they reduce the amount of substance used. On 
request, the machine can be equipped with anti-drift 
nozzles, for large drops as appropriate, or single or 
double IDK jet with air injection for cases where the 
wind speed is up to 7 m/s. 
 
8. Conclusions  
 
To protect the environment, the real impact of 
the plan or program proposed by specialists and the 
use of appropriate technical equipment are evaluated. 
In achieving the goal of strategic environmental 
assessment, it is important to apply phytosanitary 
treatments with appropriate machines, which leads to 
sustainable development in terms of the environment. 
Studies and research on methods and equipment for 
applying phytosanitary treatments are part of the new 
trends for sustainable agriculture, knowing that 
phytosanitary protection is one of the major sources 
of environmental pollution with chemicals. 
The correct use of phytosanitary protection 
machines leads to a reduction in the number of 
treatments applied in a growing season as well as a 
reduction in the amount of phytosanitary substance 
administered per hectare, which leads to ecological 
and sustainable agriculture. 
Successful implementation of measures to 
control diseases and pests requires knowledge of 
plant protection products and technical means used 
for the practical implementation of control. Using 
technically unsuitable spraying equipment or not 
knowing the machine used can have serious 
consequences. Most of the times these shortcomings 
can lead to the compromise of the treatment, and in 
extreme cases to the pollution of the environment. 
All these aspects analyzed in this article help 
specialists in making certain decisions regarding the 
choice of the type of machine to use in phytosanitary 
treatments in order to achieve a more effective way 
of plant protection. 
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